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Summary. To study the pharmacological induction of 
stress along with psychological stress and their possible 
interaction, 20mg yohimbine and placebo orally were 
administered to 8 panic patients on placebo treatment, 7 
panic patients on alprazolam treatment and 12 controls 
in a double-blind crossover design. Two structured situa- 
tions which can be considered as 'neutral' stressors were 
included: a mental arithmetic task and a continuous per- 
formance task. Mental arithmetic induced robust in- 
creases in ratings of panicky, anxiety, nervousness, heart 
rate and electrodermal activity, while the continuous 
performance task induced increases exclusively in skin 
conductance reaction. Patients responded to these tasks 
less than controls with regard to subjective ratings and 
electrodermal activity. Yohimbine did not potentiate the 
response to the tasks in the patients. In controls, heart 
rate during the mental arithmetic task, but not during 
rest, was increased after yohimbine. In contrast to other 
yohimbine challenge studies no panic attacks were ob- 
served. It is hypothesized that the experimental design 
together with an instructional set that reduces expec- 
tancy factors and the inclusion of structured and time- 
limited tasks in a challenge paradigm is able to reduce 
the anxiogenic effects of yohimbine. 

Key words: Electrodermal activity - Heart rate - Panic 
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Introduction 

In recent years interest has been focused mainly on bio- 
logical aspects of panic disorder (Rachman et al. 1988; 
Teicher 1988; Uhde and Tancer 1990). However, biolog- 
ical models of anxiety require broadening, since there 
is an increasing body of evidence that anxiety responses 
of anxiety prone subjects can be modified by psychologi- 
cal factors and the experimental setting. Proponents of 
a cognitive theory of panic attacks (van den Hout and 
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Griez 1982; Clark 1986) reported that the affective 
response to hyperventilation and CO2 inhalation was 
determined by cognitive factors such as expectation and 
the recall of previous experiences with the induced sen- 
sations. Moreover, internal cues, including bodily sensa- 
tions that are interpreted as dangerous, are likely to 
trigger panic attacks (Margraf et al. 1986). This is sup- 
ported by reports that bodily sensations are one of the 
first things which subjects notice during an attack (Hib- 
bert 1984; Ley 1985, 1987). Anxiety patients are more 
aware of bodily functioning (Tyrer et al. 1980) and body 
sensations are particularily likely to be  noticed when 
there is a change in biological processes (Clark 1986). 

Thus there is considerable evidence that attention to 
drug induced bodily changes might enhance the likelihood 
of experiencing a panic attack in anxiety prone subjects. 
Most challenge paradigms have facilitated concentration 
on bodily sensations by instructing the subjects to wait 
for the expected anxiogenic effects of a challenge com- 
pound. Until now only one study included a structured 
situation (isometric exercise) in a challenge paradigm 
(Nesse et al. 1984). The authors reported no occurrence 
of panic attacks in panic patients after isoproterenol 
application. In an attempt to minimize concentration on 
bodily sensations, our study included situations that sub- 
jects were required to cope with actively and which were 
intended to distract them from changes in physiological 
functioning induced by the challenge drug. 

Previous stress research emphazises that different 
structured situations elicit different response patterns 
(Lacey 1967; Dimsdale and Moss 1980; Ward et al. 1983; 
Albus et al. 1986, 1987, 1990). A mental arithmetic task 
requires specific mental activation under social stress 
and is thought to induce a sensory rejection response 
(Lacey 1967) with increases in heart rate and electro- 
dermal activity (Lacey 1967; Forsman and Lindblat 1983; 
Albus et al. 1986, 1988a, 1990). In contrast, a situation 
requiring concentration on external stimuli like a con- 
tinuous performance task induces a n orienting response 
with no changes in cardiovascular parameters (Lawler 
1980; Erdmann et al. 1984; Spinks and Siddle 1985). 
Both tasks can be considered as "neutral" stressors with- 
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out  specific threat  for clinically anxious subjects 
(Mathews et al. 1990). Previous  investigations (Albus  et 
al. 1988a, b) have found  that  such neutra l  stressors do 
not  induce more  p r o n o u n c e d  physiological  responses  in 
panic patients than in heal thy controls.  Zucke r  et al. 
(1989) applied a menta l  ar i thmetic task and demon-  
strated that the cognitions of  fear patients repor ted  before  
panic at tacks were  not  the same as those in anticipat ion 
of  the stressor. The  authors  conc luded  that  stressors like 
menta l  ar i thmetic p roduce  non  stress-related physiologi-  
cal changes  which overr ide  wha tever  effect cognit ions 
have in producing  physiological  changes  leading to a 
panic attack. 

As  descr ibed in a compan ion  article (Albus  et al., this 
issue) our  aim was to decrease  the l ikel ihood that  pa- 
tients develop panic at tacks by the type of  the experi- 
menta l  design and instructional  set and by the inclusion 
of  s t ructured situations. This has never  been  done  in 
chal lenge studies which assumed pure  biological  mecha-  
nisms for  panic  anxiety. T wo  tasks (menta l  ar i thmetic 
( M A )  and cont inuous  pe r fo rmance  task (CPT)  were  
added  to a yoh imbine  challenge parad igm to answer the 
following questions:  

1. Af te r  yoh imbine  adminis t ra t ion do pat ients  develop 
similar or  different  response  pat terns  c o m p a r e d  to con- 
trols to the two different  tasks? 
2. D o e s  yoh imbine  influence task pe r fo rmance  differ- 
entially in pat ients  and controls? 
3. Does  anticipation of  and actively coping with the tasks 
lower  the incidence of  panic at tacks by prevent ing the 
pat ients  f rom at tending to yoh imbine  induced bodi ly  
changes?  

Methods 

Subjects 

Controls were 8 females and 4 males with a mean age of 34.5 years. 
Patients (4 males, 11 females) met DSM-III criteria for agoraphobia 
with panic attacks or for panic disorder without concomitant 
depression (APA, 1980). Eight patients were under placebo medi- 
cation for at least 2 weeks prior study, seven patients were treated 
with alprazolam over a period of 6 to 8 weeks and were under a 
stable alprazolam dosage for at least 1 week prior study. For de- 
tails see Albus et al., this issue. 

Apparatus 

Physiological recording was done on a Grass polygraph (Model 
7B), the output of which was digitized by a PDP 11/10 computer. 
Electrodermal activity was recorded from the distal phalanges of 
the middle and ring fingers of each hand. Heart rate was recorded 
by a Grass tachograph from an EKG signal. For details see Albus 
et al., this issue. 

Procedure 

All subjects participated in two test days during which they were 
randomly assigned to either 4 tablets of placebo or 4 tablets of 5 mg 
yohimbine on the first day and the opposite substance on the sec- 
ond testday. The interval between test days ranged from 1 to 3 
weeks. 
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- 60 Mood-Scale, VAS, STAI-XI, 
- 30 ZUNG 
- 20 
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- 3 4 min. Continuous perfor- 
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Fig. 1. Flow sheet for the yohimbine procedure 
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Structured Tasks 
Mental Arithmetic Task (MA): Subjects subtracted 7 continuously 
starting from 500 (before tablet intake) or 13 starting from 1000 
(after tablet intake) until they reached 0. If they made a mistake 
they had to start from the beginning again. Performance was eval- 
uated in terms of number of restarts and the lowest correct number 
reached. 

Continuous Performance Task (CPT, Rosvold et al., 1956): 
Letters were displayed one at a time for 0.5 s duration with a 0.7 s 
interstimulus interval. The subject's task was to press a button 
after an 'X' only when it had been preceded by an 'A'. Critical 
stimuli occurred randomly on 20% of the trials. Responses to X 
preceded by any letter but 'A'  or responses to any other letter were 
considered errors of commission. If a response was later than the 
interstimulus interval it was considered late. Performance was 
evaluated by number of omissions, commission errors, and late re- 
sponses. 

The flow-sheet for the yohimbine procedure can been seen in 
Fig. 1 

Blood was sampled for norepinephrine (NE) and cortisol 
(COR). These data are reported in a companion paper (Albus et 
al., this issue). Physiological recordings were done during baseline 
conditions (= rest) and the stressors mental arithmetic (MA) and 
continuous performance task (CPT). 

Behavioral ratings were administered 35 minutes before and 
75 rain following the yohimbine or placebo dose, as well as after 
mental arithmetic. A visual analogue scale completed by the sub- 
ject was used to evaluate the changes of 16 different mood states 
(e.g. alert versus drowsy, troubled versus tranquil, happy versus 
sad, tense versus relaxed, lethargic versus energetic). The subjects 
also completed an analogue scale for anxiety to measure the 
change of 5 different symptoms related to anxiety (panicky feel- 
ings, anxiety, nervousness, apprehension, muscle tension). Both 
scales were scored in 100mm. The subject had to make a perpen- 
dicular mark at the point corresponding to his feelings at that time. 
Therefore, the score could range from 0 (not at all) to 100 (ex- 
tremely). 



Data Reduction 

Analogue ANS data were digitized and stored on line for later 
editing and analysis by computer as described by Zahn et al. 
(1986). For details see Albus et al., this issue. 

Data Analysis 

The effects of yohimbine on physiological measures and subjec- 
tive ratings were initially evaluated using analyses of variance 
(ANOVA) with independent dimensions of groups (controls, 
patients taking alprazolam, patients taking placebo) and order 
(yohimbine or placebo on the first test day) and repeated measures 
dimensions of drug (yohimbine or placebo), time (predrug versus 
postdrug), and condition (rest and task periods). The Huynh-Feldt 
epsilon correction for the degrees of freedom in repeated-mea- 
sures ANOVAs was used. We report variations among conditions 
in this paper. 

Results 

Subjective Ratings 

Condition Effects 

The  m e n t a l  a r i t hme t i c  t a sk  i nduced  a robus t  inc rease  in 
self  r a t e d  pan icky ,  anx ie ty  and  ne rvousness .  H o w e v e r ,  
t he re  were  no  s ignif icant  g roup  d i f fe rences  in this (see 
T a b l e  2). A f t e r  m e n t a l  a r i t hme t i c  all g roups  r a t e d  an in- 
c rease  in a p p r e h e n s i o n  ( d r 1 ;  24; F = 7.43, P < 0,01) and 
musc le  t ens ion  ( /7=  12.63, P <  0.001) and  r a t e d  t h e m -  
selves as m o r e  exc i ted  ( F  = 28.57, P < 0.001),  d i scon ten t  
( F  = 19.52, P < 0.001),  t r o u b l e d  ( F  = 14.65, P < 0.001),  
t ense  ( F = 2 4 . 0 2 ,  P < 0 . 0 0 1 ) ,  i n c o m p e t e n t  ( F = 1 2 . 3 1 ,  
P < 0.001) and  an tagon i s t i c  ( F =  13.26, P < 0.001) com-  
p a r e d  with  res t  pe r iods ,  aga in  w i thou t  s ignif icant  differ-  
ences  b e t w e e n  the  groups .  
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Yohimbine Effects 

Y o h i m b i n e  d id  no t  induce  a m o r e  p r o n o u n c e d  increase  
in any subjec t ive  ra t ing  due  to  the  m e n t a l  a r i t hme t i c  
task ,  in e i the r  the  pa t i en t  g roups  o r  in the  cont ro ls .  

Performance 

Pa t i en t s  and  cont ro l s  did  no t  differ  in the  lowest  n u m b e r  
o r  on  n u m b e r  o f  res ta r t s  in the  men ta l  a r i t hme t i c  tasks.  
A l so ,  in C P T  t h e r e  were  no  g roup  d i f fe rences  and  no  
y o h i m b i n e  effects  on  la te  answers ,  or  on  omiss ion  o r  
commiss ion  er rors .  Thus ,  y o h i m b i n e  h a d  no  nega t ive  in- 
f luence on  p e r f o r m a n c e  in M A  and  C P T  in any  o f  the  
t h ree  g roups  inves t iga ted .  

Heart Rate Parameters (Fig.  2) 

Condition Effects 

T h e r e  were  s ignif icant  increases  in m a x i m u m  h e a r t  r a t e  
( H R ) ,  m e a n  H R ,  low H R ,  SD m e a n  H R  and  SD high 
H R  in all t h r ee  g roups  in the  M A  task  bu t  no t  in the  
CPT.  T h e r e  were  no d i f fe rences  b e t w e e n  the  g roups  in 
any of  these  (no signif icant  i n t e rac t ion  cond i t ion  x 
g roup ,  see  T a b l e  2). 

Yohimbine Effects 

Y o h i m b i n e  did no t  have  s ignif icant ly  d i f fe ren t  effects  on  
res t  and  task  pe r i ods  for  the  t h ree  g roups  as a whole  (i .e.  
no  drug  • t ime  x cond i t ions  effects) .  H o w e v e r ,  the re  
were  s ignif icant  D • T • C • g roup  in te rac t ions  for  
m e a n  H R  and  for  low H R  (Tab le  2). A N O V A s  for  the  
pa t i en t s  and  cont ro l s  s e pa ra t e ly  showed  tha t  t h e r e  were  
s ignif icant  D x T x C in te rac t ions  for  m e a n  H R ,  low 
H R ,  and  high H R  (all  P < 0.03) for  the  cont ro l s  bu t  no  

Table 1. Effect of the mental arithmetic task on self-rated panicky feelings, anxiety and nervousness in controls (n = 12), patients under 
placebo (Plac. Pat., n = 8) and patients under alprazolam medication (Alpraz. Pat., n = 7) 

Controls Plac. Pat. Alpraz. Pat. 

Placebo Yohimbine Placebo Yohimbine Placebo Yohimbine 

Panicky 
Rest pre -60  
MA pre -11  
Rest post +75 
MA post +99 

Anxiety 
Rest pre -60  
MA pre -11  
Rest post +75 
MA post +99 

Nervousness 
Rest pre -60  
MA pre -11  
Rest post +75 
MA post +99 

2.84- 2 5 .0+ 4 31.64-24 25.6+21 20.7+23 8.2+ 4 
18.5 + 29 21.7 + 21 34.8 + 20 25.3 4- 23 30.3 4- 31 12.4 + 12 
9.5 + 12 9.2 __+ 8 15.3 4- 18 33.5 + 24 15.2 4- 15 29.2 + 34 

18.6 __+ 23 19.3 4- 29 30.5 4- 21 40.3 4- 33 29.3 4- 36 35.4 + 35 

7.0 + 6 8.3 __+ 8 45.3 4- 24 34.3 4- 28 31.1 4- 30 24,1 4- 24 
25.1 4- 24 20.6 + 22 51.1 __+ 18 30.7 + 21 40.0 _____ 36 36.4 4- 25 
10.1 + 13 10.4 + 9 24.6 4- 20 40.2 + 27 18.8 4- 18 34.0 4- 35 
21.3 4- 21 18.5 + 26 34.1 + 21 42.1 4- 27 31.8 ___ 34 46.5 4- 39 

5.9 + 3 7.4 __ 7 45.6 -4- 24 30.7 + 19 33.2 + 34 29.7 + 23 
30.6 4- 25 24.7 __ 18 53.4 __+ 20 36.3 4- 26 39.2 4- 35 43.4 4- 24 

8.9 __+ 10 15.2 4- 11 21.8 ___+ 21 36.4 4- 22 21.4 + 21 30.1 + 30 
24.5 __ 22 23.9 + 25 35.1 __ 21 45.7 + 26 33.7 + 34 52.3 + 34 
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Fig. 2. Mean heart rate during rest 
periods (R), mental arithmetic (MA) 
and continuous performance task 
(CPT) before (Pre) and after (Post) 
yohimbine and placebo intake 
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Fig. 3. Nonspecific fluctua- 
tions (NS/min) of skin 
conductance reaction during 
rest periods (R), mental 
arithmetic (MA) and con- 
tinuous performance task 
(CPT) before (Pre) and 
after (Post) yohimbine and 
placebo intake 

interactions for the patients as a whole or no interactions 
of these factors with medication. Examination of the 
data shows that the controls had a marked reduction in 
H R  during the MA task from predrug to postdrug on 
placebo sessions, but  this was strongly at tenuated after 
yohimbine. This contrasts with virtually no difference 
between placebo and yohimbine sessions for the controls 
during the rest or CPT periods. The patients as a whole 
showed about the same effects of yohimbine during all 
periods. 

Electroderrnal Activity 

Condition Effects 

Both stressors induced a significant increase in non- 
specific fluctuations (NS/min) of the skin conductance 
reaction (SCR). Only MA, however,  induced a signifi- 
cant increase in maximum and mean skin conductance 
level (SCL). The stressor effects were more pronounced 
in the control group (significant interaction condition x 



8 -   sJc : 

6 -  

5 -  

4 -  

3- 

2- 

1 -  

Yohimbine 

/ %  

- . . . . . . .  % 
'% 

�9 . . . e a  e eeooee~176176 

I I I I I I 
R R MA R CPT R 

Pre 

I I t I I I I 
R R MA R CPT R 

Pos t  

Placebo 

J 
/ 

�9 0 4 0 0  SOlO j 0 * UB 
0 D 

PO OOD 

1 i I I I i 
R R MA R CPT R 

Pre 

oeeeo0eee~176 

C o n t r o l s  

P l a c . - P a t .  - - -  

A l p r . -  Pat. - o , o ,  

i i i i i i i 
R R MA R CPT R 

Pos t  

349 

Fig. 4. Mean skin conduc- 
tance level (SCL) during rest 
periods (R), mental arithme- 
tic (MA) and continuous 
performance task (CPT) 
before (Pre) and after (Post) 
yohimbine and placebo intake 

Table 2. ANOVA summaries 
Condition Cond • group 
(df5; 120) (dflO; 120) 

Drug • time x cond • group 
(df 10; 105) 

F P F P F P 

Maximum SCL 
Mean SCL 
NS/min 
Low heart rate 
Mean heart rate 
Maximum heart rate 

Panicky 
Anxiety 
Nervousness 

22.79 0.001 
17.80 0.001 
51.77 0.001 
24.49 0.001 
29.92 0.001 
36.51 0.001 

dfl;24 
8.11 0.01 
8.39 0.01 

13.96 0.001 

2.88 0.05 
3.44 0.01 
3.73 0.01 

2.03 0.05 
2.12 0.05 

group, see Table 2). However ,  the rate of increase 
(slope) in SCL during the instructions of both tasks 
showed a significant group effect ( P <  0.02). This was 
slower in the patients than in controls, 

Yohirnbine Effects 

There were no effects of yohimbine on the electrodermal 
responses to the tasks for the subjects as a whole or for 
any of the subgroups. 

Discussion 

The mental arithmetic task induced large increases in 
heart  rate, the frequency of skin conductance responses, 
and skin conductance level. This finding is in concordance 
with the results of other  studies (Ward et al. 1983; Albus 
et al. 1986, 1987, 1988a, 1990), showing that this situa- 
tion evokes robust changes in physiological functioning. 

In contrast, the continuous performance task (CPT) led 
to a moderate  increase exclusively in the frequency of 
SCRs. This finding is in line with other studies (Lawler, 
1980; Erdmann et al. 1984; Spinks and Siddle 1985) 
and supports the assumption that a situation requiring 
concentration on external stimuli induces an orienting 
response with no relevant changes in cardiovascular 
parameters.  

Like other studies comparing stress responses of 
panic patients with healthy controls without additional 
drug challenge (Albus et al. 1988a, b) our data show 
that panic patients respond to stressors which are de- 
manding but not specifically anxiety inducing compara- 
bly to controls. Considering the even less pronounced in- 
crease in electrodermal activity in the mental arithmetic 
task in the patient groups one could conclude that panic 
patients are less challenged by the demanding character- 
istics of the task compared with healthy controls. Non- 
significant trends in the same direction were found for 
ratings of panic, anxiety and nervousness. However ,  
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patients had higher base levels in subjective ratings. This 
ceiling effect may have suppressed further increases due 
to additional stress exposure. This finding shows that 
the law of initial values (Wilder 1957), that is, that the 
higher the prestimulus level the smaller is the response 
to function raising, is a valid concept (Yeragani et al. 
1990) which may be important  in psychiatric research. 
Since base levels in the parameters of electrodermal ac- 
tivity were not higher in patients than in controls, the 
law of initial values does not account for the less pro- 
nounced increases in SCR and SCL in panic patients. 
Therefore  one can assume that panic patients are less re- 
sponsive in electrodermal activity to external stimulation 
than healthy controls. In contrast, heart  rate responses 
to MA were about the same in all groups. Both these 
findings are in agreement with earlier studies (Albus et 
al. 1987, 1988a, b) and reflect an overall reduced respon- 
siveness to neutral stressors in panic patients. 

Turning now to the influence of yohimbine on re- 
sponses to tasks and task performance,  the more pro- 
nounced overall yohimbine effects in panic patients (see 
companion paper, this issue) is also reflected in about 
equally more pronounced increases in heart  rate para- 
meters during MA and CPT in both patient groups after 
yohimbine administration. In contrast, the controls, who 
showed no effects of yohimbine of H R  parameters under 
resting conditions, did show yohimbine effects on mean, 
high, and low H R  during the MA task. Thus, during 
psychological stress, the controls showed effects of the 
drug that were shown by the patients under resting and 
stress conditions. Since yohimbine blocks the inhibitory 
alpha-2-receptors, this suggests that the H R  of controls 
is significantly under  adrenergic control only during 
stress periods, whereas the H R  of  the patients, despite 
its relatively low resting levels in the present study, is 
mainly under adrenergic control during even rest periods. 
This may account for the core position of changes in 
cardiovascular activity in the development of panic an- 
xiety (Tyrer et al. 1980; Taylor et al. 1986; Ley 1987; 
Woods et al. 1987). However ,  yohimbine effects on the 
autonomic variables were smaller than condition effects 
for all groups. In agreement with Zucker  et al. (1990) 
our data support the hypothesis that stressor effects 
caused by the characteristics of the task override yohim- 
bine effects per se. 

In contrast to studies that showed that anxiety patients 
do worse in tasks with anxiety specific threat  (Ehlers et 
al. 1988; Mathews et al. 1990), panic patients performed 
as well as controls in both tasks. In spite of exerting 
overall more pronounced effects especially on heart  rate 
parameters,  yohimbine did not worsen performance in 
the patient groups. Thus, tasks that require mental acti- 
vation or concentration on external stimuli may prevent  
patients from being disturbed by yohimbine-induced 
changes in physiological functioning. 

Other  research groups (van den Hout  and Griez 
1982; Hibbert  1984; Ley 1985, 1987; Margraf et al. 1986; 
Clark 1986; Salkovskis and Clark 1990) showed that in- 
duced bodily sensations that are interpreted as danger- 
ous are likely to trigger panic attacks. Our data point to 
the necessity of distinguishing bodily sensations which 

are induced by a challenge drug from those induced by 
structured situations that allow active coping mechanisms. 
Although anticipation of the task and task performance 
induced a more pronounced increase in autonomic activ- 
ity than yohimbine per se, patients did not develop panic 
attacks. In contrast to other yohimbine challenge studies 
(Uhde et al. 1984, Charney et al. 1984, 1987) no panic 
attacks were observed in the present investigation. Thus, 
tasks that patients can cope with actively seem to pre- 
vent patients from developing panic attacks by distract- 
ing them from focusing on drug-induced bodily changes. 

Our results suggest that an experimental design to- 
gether with an instructional set that reduces expectancy 
factors and physiological base levels as well as the inclu- 
sion of structured and time-limited tasks, in contrast to 
loosely structured challenge protocols, are able to re- 
duce the panicogenic effects of yohimbine. 
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